

61 can be found in Claims 1-21, as originally filed, and on page 26, line 16, to page 27, line 



10. 



No new matter has been added. Claims 23-61 are active in this application. 



REMARKS 



At the outset. Applicants' representative wishes to thank Examiners Nyugen and 
Guzo for the helpful and courteous discussion held on June 25, 2001, during which the 
prosecution of the above-identified application was materially advanced, and it was agreed 
that the requirement for a substitute specification set out the Official Action dated March 15, 
2001, was withdrawn. The following remarks will expand and simimarize the issues 
discussed. 

The rejection of Claims 1-4 and 17 under 35 U.S.C. § 102(b) in view of Friedman et 
al and Nakamura et al and the rejection of Claims 1-4 and 17 under 35 U.S.C. § 102(e) in 
view of published PCT application WO 95-19949 (Friedman et aH or U.S. Patent No. 
6,162926 (Murphy et al ) have been obviated by appropriate amendment. As the Examiner 
will note Claim 17 has been canceled and Claims 1-4 have been rewritten as Claims 23-33, 
which are directed toward methods for compacting DNA. None of the cited references are at 
all concemed with compacting DNA and are thus not relevant to new Claims 23-33. 

Accordingly, these rejections are no longer tenable and should be withdrawn. 

The rejection of Claims 1-16 and 18-21 imder 35 U.S.C. § 1 12, second paragraph, and 
the rejection of Claims 1-10 and 21 under 35 U.S.C. § 101 have been obviated by appropriate 
amendment. As the Examiner will note. Applicants have rewritten the claims such that they 
are free of the criticisms outlined on pages 4-6 of the Official Action. 
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Once again, the rejections are no longer proper and should be withdrawn. 

The objection to Claims 2, 4, 6, 8, 18, and 20 as containing parentheses has been 
obviated by rewriting the claims to delete all parentheses except those require by the rules of 
chemical nomenclature. Similarly, the objection to Claims 1 1 and 14 as containing brackets 
has been obviated by rewriting the claims to delete all imnecessary brackets. 

Thus, these objections should be withdrawn. 

Applicants wish to thank Examiner Nyugen for bringing to their attention the 
existence of A. M. Cassell et al, Angew. Chem. Int. Ed. , vol. 37, pp. 1528-1531 (1998) 
fCassell et al.'t during the above-noted interview. Although the PTO has not issued any 
rejection of any claims over Cassell et al. . Applicants submit that this reference cannot affect 
the patentability of the present claims for the following reasons. In particular, the 
Examiner's attention is directed toward H. Isobe et al., Chemistry Letters , 2001, pp. 1214- 
1215 ( Isobe et al. ) a copy of which is being filed herewith, as Exhibit A. In Isobe et al. . a 
direct comparison of the compound of Cassell et al. (compound 3 in Isoh^^LsL) with a 
compound according to the present claims (e.g., compoxmd 1 in Isobe et al.) is presented. As 
reported in the paragraph bridging the cols, on page 1215 of Isobe et al.. the compound 
according to the present claims exhibited superior transfection properties as compared to the 
compoxmd of Cassell et al. Applicants respectfully request that the Examiner consider the 
results presented in Isobe et al. . before deciding to issue any rejection based on Cassell et al. 
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Applicants submit that the application is now in condition for allowance, and early 
notification of such action is earnestly solicited. 

Respectfully submitted, 

OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C. 



Norman F. Obion 
Attorney of Record 
Registration No. 24,618 



Stephen G. Baxter, Ph.D. 
Registration No. 32,884 



(703)413-3000 

Fax #: (703)413-2220 
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DOCKET NO.: 196737US0PCT 



Marked-UpJTcj 

Serial No: 




1^ 



Amendment L 



IN THE CT.ATMS 

Please cancel Claims 1-22, without prejudice toward the further prosecution of these 
claims in a continuation and/or divisional application. 

Please add the following new claims: 
-23. (New) to 61. (New)~ 
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Synthesis and Tk*onsf ction Capsibility f Multi-FiinrtinnAli7i>f1 Fiillerene P lyamine 

Hiroyuki Isobe, Naold TomiU, Shigeki Jinno,^ Hiroto Okayama^^ and Eiichi Nakamura* 
Department of Chemistry, Graduate School of Science, The University of Tofyo, Hongo, Bunkyo-ku, Tokyo J 13-0033 

^I>epartmcni of Bio^omisSry und ^dcJocttiar Bie^iogy\ C^n/ftt/tt^ R^hnnt nf Mftdinin^t^ 

The University ofTokyo,BunkyO'kM,Hongo. Tokyo 223-0033 ' 
(Received August 1 S, 2001 ; CL-010792) 



A new fuUerene transfection xeagent bearing nnihiple-func- 
tional groups has been synthesized by diastereoselective double 
cycloaddition reaction. The htglily oxygenated reagent tzansfeis 
extra-cellular DNA into mammaJian cells with the efficiency 
comparable to that of a nor-^analogue. 



Interaction of ozganofullerenes and DNA has attracted con- 
siderable interest of chetuists since (he report that a water-soluble 
fullerene cleaves DNA under irradiation witiii visible light'*' 
Recently an entirely new possibility of ^Uerene biology was 
pointed out — transfection of mammalian cells.^ Thus, the 
fullerene tetramine 1 was found to be able to bind to DNA and to 
deliver the bound DNA into mammalian cells with efficiency 
comparable to conventional lipid-based transfection agent This 
prototype reagent 1 embodies a very simple design principle pos- 
sessing two sets of trimethylene diamine side chains, which aie 
separated by 1^ nm from each other so that diey may have maxi- 
mum electrostatic interaction vn&k the two phosphate side chains 
f double strand DNA. To furflier develop the fullerene-mediated 
transfection technology, we felt it necessary to study die tnstalla^ 
tion of functional sites, on which additional functional groups 
such as base-recognition groups may be attached. To this end, we 
investigated the synthesis of 2, which is a hig^ oxygenated ana- 
1 gue of 1, atKl its transfection ability to examine whether or not 
such heavy substitution on the hexamethylene moiety of 1 ailfects 
Uic blulu^uiil activity. The transaction capability of 2 was found 
to be of the same order as 1, suggesting ^t installation of elabo- 
rate functionality on the hexamethylene te&er is tolerable. Two 
ottier DNA-binding fUllerenes 3 and 4 did iu>t show any tiansfbc- 
tion ability, which demonstrates that the electrostatic interaction 
with DNA is not the only stractural requirement for the fuUerene- 
transfection reagents^ but suitable spatial arrangement of the func- 
ti nal groups is crocial. 




We started the synthesis of 2 with the known diepoxide 5^ 
(prepared from D-mannitol), which was allowed to react with &e 
lithiated cyclopropenone acetal 6^ to obtain the bis-cyclo- 
propenone acetal 7. Diepoxide 5 was added to a THF solution f 
6 at *40 **C and the iruxture was stirred for 20 h. To the reaction 
mixture was added 10 equiv of Mel and the reaction mixture was 
warmed Co room temperature. Double addition of 6 and double 
methylation of the resulting aDcoxide took place in one pot to give 
the desired biscyclopropenone acetal 7 in 45% yield after silica 
gel column i^iromatDgraphy. 




Scheme 1. (I) HMPA. THF, -40 «C20h,fbenM6Z.n.2h, 46%; (b) 
degassed U-0,CsH». 150 7 d; <c) H,SO* HxO.THH PhQ, 50 X; 2lh. 
64%: (d) DIBAL-H, Pba.-25 *C, 14 mm. 82%; (e) BfCHgCOBr. pyridine. 
DMAP.I1)CUrt.6h. 73%; (0 HNl^CHt>,NMBi. depusad Ria ru 5 

In the next stage, 7 was heated with [60]fullerene (C^q) to 
obtain reg ioselectiveiv Ae double cyclnaddiriftn prrtHiirt y In the 



previous report, we used a nor-analogue of 7 that lacks the oxygen 
substituents, and carried out the reaction at a relatively low con^- 
centratioD (1^ In^l0^L"^) to obtain a racemic single tegioisomer 
in 41% isolated yield* Under die same reaction conditions, tiie 
desired double cycloadduct 8 did not form at all, and 8S% of unre- 
acted was recovered even after 11 d. Such low reactivity of 7 
is likely due to both steric and electronic eifects of die substituents 
in 7. The reaction was therefore carried out for 7 d at a higher 
concentration (14 mmol-L-* in in a sealed glass tube which 
was previously treated widi MO-bis(trimethylsilyl)acetamide 
(Scheme I). Purification with silica gel cohmm chromatography 
afforded the desired double cycloadduct C4-8^ in 15% yield. No 
other diastereomeric double adduct was detected in di product 
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mixture. FABMS specmim was consistent with the 1:1 adduct 
Unrcacted was recovered in 42% yield and 1:2 double 
cycl adduct 9 was also obialncU tu 07b yldU. Ol-8 wo^ aubac- 
quently converted to tetramine 2 in 4 steps (Scheme 1) by tfic 
synthetic route reported for tetraroine 1.^ 




Flgnra 1. CD spectrum of U-6 a.O mnoJ-L*' in cydohcaune). 

Stereochemical assignment of^A-^ needed considerable care. 
NMR and ^^C NMR indicated that the double cycloadduct is a 
single isomer of Cj-syramctry. Very large optical rotation of the 
product ([aJu -1665", c = 0.01, CHQa. 28 ^C) is characteristic to 
non-iacemic fiillcrcnes produced by chiral double cycloaddition.*" 
The optical rotation of 1:2 adduct 9 was much smaller ([alo 
-280^ € = 0.01, CHOs, 28 *Q. In spite of previous efforts* to 
determine the absolute configuration of such double cycloaddition 
products, no conclusive method of structural assignment has been 
obtained. In an attempt to assign Ihe stereochemistry of our dou- 
ble cycloadduct 8, we performed molecular mechanics analysis**' 
to find that C4 diastereomer is slightly more stable dian the 
diastereomer (by 0.41 kcal/mol). The CD spectrum of 8 showed 
strong positive Cotton effect in the region of 210-230 nm (Figure 
I). Such positive Cotton effect was also observed for a simpler 
analogue of 8^ as well as for a fiillerene bismalonate, which was 
fHoposed to have C4 configuration deduced from theoretical analy- 
sis of CD spectra.' 

DNA-binding ability of tetramine 2 was then examined with 
coii4>etitive binding assay using ethidium bromide.'** In order to 
investigate the structure-activity relationship in the transfection 

obitity, two oibcr fullorottoo 3'* ond 4*2 wcro oxommod ao refer 

cnce. The compound 3 showed moderate binding ability (C50 = 
2.8 pmol-L-'), and 2 (C50 « 1.6 nmol-L"*) and 4 (C«, = 1.2 
^mol-L-*) showed comparable binding ability as our previous 
transfection reagent 1 (1.9 |unol*L-').^ All compounds (1-4) 
strongly bind to DNA. In addition, the side chain substitution in 
two-handed fullerenc did not interfere the binding of the molecule 
withDNA. 

With this knowledge in hand, we carried out transfection 
experiments with the DNA binding fuUerene under the optimized 
conditions (reagent/base pair = 13).* Each DNA binding fuUerene 
(1 and 2) was mixed witii plasmid DNA (pGrecn LANTERN-l) 
that contains a reporter gene of green fluorescent protein (OFF). 
After 30 min, the resulting fUUerene-DNA complex was added to 
cultured NIH 3T3 cells. After 2-day incubation, GFP expression 
in the transfected cells was observed with fluorescence micro- 
scope to find transfection efficiency of 2 to be 3.8 x 10^, which is 
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comparable to the vahic obta'mcd for 1 under the same conditions 
(2.1 X l(r^). On the other hand, experiments with the other refer- 
ence compoundo 3 and 4 did not eKow any branfifbctioin c^pvAyk^xty 

In summary, we reported the second example of gene deliv- 
ery with fiinctionalized fuUerene, and found that installati n of 
polar substituents does not hinder the binding of the fuHeiefie 2 to 
DNA. This observation combined with the propensity of 
fUllerene to form stable aggregates in water" suggest that, m the 
fuUerene-DNA condensate obtained from 1 or 2, the molecule is 
located in such a way that the hydrophilic oxygenated moiety 
points toward the interior of the groove, while the unmodified 
fullerene core points ourwaid so that it can maintain hydrophobic 
interaction with other foUerene molecule. With such a woiteig 
modeU one may expect that installation of a base-selective func- 
tionality on the oxygenated side chaui will create a base-selective 
DNA binding agent. This intriguing possibility will be the subject 
of further studies. 

This researeh was supported by Grant-in-Aid for Specially 
Promoted Research from Ministry of Education, Cultur , 
Sports, Science and Technology. 

Dedicated to Prof. Hideld Sakurai on the occasion of his 
70th birthday. 
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